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Technical field 

The present invention pertains to an aqueous dispersion of a 
vinylidene fluoride copolymer, an aqueous dispersion of a 
vinylidene fluoride seed polymer, and their manufacturing 
methods. The above-mentioned aqueous dispersion of the vinylidene 
fluoride copolymer and the above-mentioned aqueous dispersion of 
the vinylidene fluoride seed copolymer can be appropriately used 
in aqueous coating paints, etc. 

Prior art 

As a conventional paint for various kinds of buildings, a 
fluorinated paint with excellent water resistance and weather 
resistance is used. However, as the above-mentioned fluorinated 
paint, many types of organic solvent may be used, and an aqueous 
type is required in terms of safety and environmental protection. 
Many proposals have been made for the use and manufacturing 
method of a base of an aqueous fluorinated paint as an aqueous 
dispersion of a fluorine polyme. 

For example, in Japanese Kokoku Patent No. 
Sho 61 [1986] -33848, a method for manufacturing an aqueous 
dispersion of a vinylidene 

fluoride-tetrafluoroethylene-hexafluoropropylene elastomer 
containing fluorine with a particle diameter of 0.02 urn in the 
presence of a fluorinated surfactant having a polymerizable 
double bond represented by CF 2 =CF-0- (-CF 2 -) „-COOM (where n 
represents an integer of 1-7; M represents an amine or alkali 
metal) is described. However, although an aqueous dispersion with 
a small particle diameter is obtained, since the concentration of 



said elastomer in said dispersion is 25 wt% or less, the 
viscosity-enhancing effect by a viscosity adjustor is 
insufficient for an aqueous paint. Furthermore, in increasing the 
solid fraction concentration, there is no description as to the 
stability of the dispersion, and there is also no description as 

an aqueous paint. 

Also, in Japanese Kokoku Patent No. Hei 4 [1992] -55441, a 
method for the emulsion polymerization of an ethylenically 
unsaturated monomer in the presence of fluorinated copolymer 
particles in an aqueous medium is described, and in Japanese 
Kokai Patent Application No. Hei 3 [1991] -7784, a method for the 
emulsion polymerization of an ethylenically unsaturated monomer 
in the presence of vinylidene fluoride copolymer particles in an 
aqueous medium is described. However, in these methods, although 
it is described that an acrylic monomer undergoes seed 
polymerization, there is no description as to the control of the 
particle diameter of the seed particle used in the seed 
polymerization and there is no description of the use of the seed 
particle in a reactive emulsifier in the seed polymerization. 
Furthermore, if a seed particle of 50 nm or less is used, since 
the viscosity of the obtained aqueous dispersion is increased, an 
aqueous dispersion with a high solid fraction concentration 
cannot be obtained, and solidification and precipitation are 
generated when it is used under high shear. 

Also, in Japanese Kokoku Patent No. Sho 50 [ 1975] -4396, a 
method which copolymerizes acrylic acid during polymerization in 
an acrylic group emulsion and obtains a microemulsion with an 
average particle diameter of 50 nm or less by neutralizing the 
generated emulsion with ammonia is described. However, in the 
polymerization of a fluorinated olefin, in particular, a 



vinylidene fluoride monomer, if a nonf luorinated carboxylic acid 
monomer such as acrylic acid is present, since said 
polymerization is markedly hindered, the polymerization of the 
f luorinated olefin in such a system does not occur. 

Also, in Japanese Kokoku Patent No. Sho 49 [1974] -17858, a 
method for copolymerizing a fluorinated vinyl compound having a 
-COOH group on the side chain to introduce a crosslinking group 
in a linear, saturated fluorinated elastic resin is described; 
however, there is no description as to the aqueous dispersion, 
particle diameter control of particles in said dispersion, and 
aqueous paint. 

Also, in "High-Molecular Substance Thesis Collection," Vol. 
36, No. 11, pp. 729-737 (1979), it is described that if a large 
amount of various kinds of surfactants is used in emulsion 
polymerization, the size of the polymer particles decreases and 
even if a mixture of an anionic surfactant and a nonionic 
surfactant is used in the polymerization of an acrylic monomer, 
an effect similar to that when using the anionic surfactant is 
obtained. If a large amount of said surfactant is used, when a 
film is formed as an emulsion paint, said surfactant is 
precipitated, or the water resistance of the film is lowered. 

Also, in Japanese Kokai Patent Application Nos. 
Hei 5[1993]-79249, Hei 5 [1993] -85575, and Hei 5 [1993] -255222, it 
is presented that CF 2 =CFCF 2 -0- (-CF (CF 3 ) CF 2 0-) „-CF (CF 3 ) Y, CF 2 =CF-0- 
(-CFX-)n-Y (where n represents an integer and Y represents SO3M 
or COOM (M represents an amine salt or alkali metal), X 
represents F or CF 3 ) , etc., are copolymerized with 
tetrafluoroethylene and used as an ion exchange film. However, 
although examples such as solution polymerization are mentioned 
to obtain the ion exchange film, there is no example of emulsion 
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polymerization in an aqueous medium, and there is also no 
description as to an aqueous paint. 

The objective of the present invention is to provide an 
aqueous dispersion of a vinylidene fluoride copolymer with an 
average particle diameter of the copolymer as small as 200 nm or 
lower, a solid fraction concentration of the aqueous dispersion 
as high as 30-60 wt%, and excellent sedimentation stability, an 
aqueous dispersion of a vinylidene fluoride seed copolymer with 
an average particle diameter of the seed copolymer as small -as 
250 nm or lower and a solid fraction concentration of the aqueous 
dispersion as high as 30-60 wt%, and their manufacturing methods, 
and to give water resistance, weather resistance, chemical 
resistance, and high-gloss film formability to an aqueous paint 
manufactured using each dispersion. 

Presentation of the invention 

The present invention pertains to an aqueous dispersion of a 
vinylidene fluoride copolymer of a vinylidene fluoride monomer 
characterized in that at least one reactive emulsifier selected 
from a group comprised of general formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y (I) 
(where a represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF- (-CF2CFX-) b -Y (ID 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (III): 

CF 2 =CF-0-(-CFX-) c -Y (HI) 
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(where. X represents F or CF 3 , c represents an integer of 1-10, Y 
represents" SO3M or COOM (M represents H, NH 4 , or an alkali 

metal), general formula (IV): 

CF 2 =CF-0-(-CF 2 CFXO-)d-CF 2 CF 2 -Y (IV) 

(where X represents F or CF 3/ d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4/ or an alkali 
metal) ) , general formula (V) : 

CF 2 =CFCF 2 -0- (-CF (CF 3 ) CF 2 0-) e-CF (CF 3 ) -Y (V) 

(where e represents an integer of 1-10, Y represents SOaM or COOM 

(M represents H, NH 4 , or an alkali metal)), and general formula 

(VI) : . . • 

CF 2 =CFCF 2 -0- (-CF (CF 3 ) CF 2 0-) f-CF (CF 3 ) -Y (VI) 
(where f represents an integer of 1-10, Y represents SOaM or COOM 
(M represents H, NH 4 , or alkali metal) ) , the solid fraction 
concentration is 30-60 wt% and the average particle diameter of 
said copolymer is 200 nm or less. 

Also, the present invention pertains to a method for 
manufacturing the aqueous dispersion of the vinylidene fluoride 
copolymer by the emulsion polymerization of a vinylidene fluoride 
monomer and a reactive emulsifier; as said reactive emulsifier, 
at least one kind is selected from a group comprised of general 
formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y (D 
(where a represents an integer of 1-10, Y represents SO^ or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF-(-CF 2 CFX-) b -Y (ID 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SOsM or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (III): 

CF 2 =CF-0-(-CFX-) c -Y (HI) 
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(where, X. represents F or CF 3 , c represents an integer of 1-10, Y 
represents' SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (IV): 

CF 2 =CF-0- (-CF 2 CFXO-)d-CF 2 CF 2 -Y (IV) 
(where X represents F or CF 3 , b represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH4, or an alkali 
metal)), general formula (V): 

CF 2 =CFCF 2 -0- (-CF(CF 3 ) CF 2 0- ) e "CF (CF 3 ) -Y (V) 
(where e represents an integer of 1-10, Y represents SOsM or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : . . • 

CF 2 =CFCF 2 -0-(-CF(CF 3 )CF 2 0-)f-CF(CF 3 )-Y (VI) 
(where f represents an integer of 1-10, Y represents SOsM or COOM 
(M represents H, NH 4 , or an alkali metal)) is used at 0.00001-10 
wt%; the solid fraction concentration is set to 30-60 wt%; the 
average particle diameter of said copolymer is set to 200 nm or 
less. 

Furthermore, the present invention pertains to an aqueous 
dispersion of a vinylidene fluoride seed polymer obtained by the 
emulsion polymerization of an ethylenically unsaturated monomer 
in the presence of vinylidene fluoride copolymer particles, said 
vinylidene fluoride copolymer is a copolymer of a vinylidene 
fluoride monomer and at least one reactive emulsifier selected 
from a group comprised of general formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y (I) 
(where a represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4/ or an alkali metal)), general formula (II): 

CF 2 =CF-(-CF 2 CFX-) b -Y (II) 
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(where-X. represents F or CF 3 , b represents an integer of 1-5, Y 
represents" SO3M or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (III): 

CF 2 =CF-0-(-CFX-) c -Y (III) 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (IV): 

C F 2 =CF-0- ( -CF2CFXO- ) d -CF 2 CF 2 -Y ( IV) 

(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal))., general formula (V): 

CF 2 =CFCF 2 -0- (-CF (CF 3 ) CF 2 0-) e ~CF (CF 3 ) -Y (V) 
(where e represents an integer of 1-10, Y represents S03M or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 -CFCF 2 -0-(-CF(CF 3 )CF 2 0-) f -CF(CF 3 )-Y (VI) 
(where f represents an integer of 1-10, Y represents S03M or COOM 
(M represents H, NH 4 , or an alkali metal)); the solid fraction 
concentration of the aqueous dispersion of said seed polymer is 
30-60 wt%; the average particle diameter of said seed copolymer 

is 250 nm or less. 

Furthermore, the present invention pertains to a method for 
manufacturing the aqueous dispersion of the vinylidene fluoride 
seed polymer by the emulsion polymerization of an ethylenically 
unsaturated monomer in the presence of vinylidene fluoride 
copolymer particles, said vinylidene fluoride copolymer is 
manufactured by the emulsion polymerization of a vinylidene 
fluoride monomer and water and 0.00001-10 wt% at least one 
reactive emulsifier selected from a group comprised of general 
formula (I) : 
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CF 2 =CF-(-CF 2 -) a -Y (I) 
(where a represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF- (-CF 2 CFX-) b -Y (II) 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (III): 

CF 2 =CF-0- ( -CFX- ) c-Y (HI) 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal))., general formula (IV): 

CF 2 =CF-0- ( -CF 2 CFXO- ) d -CF 2 CF 2 -Y ( IV) 

(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (V): 

CF 2 =CFCF 2 -0- (-CF (CF 3 ) CF 2 0-) e -CF (CF 3 ) -Y (V) 
(where e represents an integer of 1-10, Y represents SOaM or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 =CFCF 2 -0-(-CF(CF 3 )CF 2 0-) f -CF(CF 3 )-Y (VI) 
(where f represents an integer of 1-10, Y represents SOaM or COOM 
(M represents H, NH 4 , or an alkali metal)); the solid fraction 
concentration of the aqueous dispersion of said seed polymer is 
set to 30-60 wt%; the average particle diameter of said seed 
copolymer is set to 250 nm or less. 

Best application mode of the invention 

The aqueous dispersion of the vinylidene fluoride copolymer 
in the present invention is an aqueous dispersion of a VdF 
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copolymer of a vinylidene fluoride (VdF) monomer and a reactive 
emulsif ier". 

The above-mentioned reactive emulsifier is a fluorinated 
compound having a polymerizable double bond and a hydrophilic 
group in the molecule and is a compound represented by at least 
one kind selected from the above-mentioned group comprised of 
general formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y U) 
(where a represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF-(-CF 2 CFX-) b -Y dD 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (III): 

CF 2 =CF-0-(-CFX-) c -Y [IID 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (IV): 

CF 2 =CF-0- (-CF2CFXO-) d-CF 2 CF 2 -Y (IV) 
(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (V): 

CH 2 =CFCF 2 -0- (-CF(CF 3 ) CF 2 0-) e -CF(CF 3 ) -Y (V) 
(where e represents an integer of 1-10, Y represents S0.M or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 =CFCF 2 -0- (-CF(CF 3 ) CF 2 0-) £ -CF(CF 3 ) -Y (VI) 
(where f represents an integer of 1-10, Y represents SO.M or COOM 
(M represents H, NH 4/ or an alkali metal)). 



In the above-mentioned general formula (I), a is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (I), for example, 
CF 2 =CF-CF 2 -COONH 4 , CF 2 =CF-CF 2 -COOH, CF 2 =CF-CF 2 CF 2 COOH, CF 2 =CF-CF 2 - 
COONa, CF 2 =CF-CF 2 -S0 3 NH 4 , CF 2 =CF-CF 2 -S0 3 H, CF 2 =CF-CF 2 CF 2 S0 3 H, CF 2 =CF- ■ 
CF 2 CF 2 S0 3 Na, etc., are mentioned, however CF 2 =CFCF 2 COONH 4 is 
preferable since an aqueous dispersion of the VdF copolymer with 
a high concentration and a small particle diameter is obtained. 

In the above-mentioned general formula (II), X is preferably 
CF 3 in terms of stability of the compound, b is preferably an 
integer of 1-3 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM and SOsM in terms of stability 
of the compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (II), for example, 
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CF 2 = CFCF 2 CF-COOH , CF 2 = CFCF 2 CF-S0 3 H „ 
CFo=CF (CF 2 CF) 2 COONH 4 . CF 2 = CFCF 2 CFS0 3 NH 4 . 



CF 3 ? F » • 

CF 2 - CFCF 2 CF-COONa % CF 2 = CFCF 2 CF-SO3 Na 

CF 3 

C F 2 = CF (CF 2 CF) 2 COOH 



are mentioned, however 



CFq 

CF 2 - CF (CF 2 CF) 2 COOH 



is preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (III) , X is 
preferably F and CF 3 in terms of stability and weather resistance 
of the compound, c is preferably an integer of 1-5 in terms of 
surface activity of the reactive emulsifier, Y is preferably COOM 
and SO3M in terms of stability of the compound, and M is 
preferably H and NH 4 in terms of water resistance of the film. 
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As detailed examples of the compound represented by the 
above-mentioned general formula (III), for example, 
CF 2 =CF-OCF 2 CF 2 CF 2 COOH, CF 2 =CF-OCF 2 CF 2 COONH 4 , CF 2 =CF-OCF 2 COOH, etc., 
are mentioned, however CF 2 =CF-OCF 2 CF 2 CF 2 COOH is preferable since 
an aqueous dispersion of the VdF copolymer with a small particle 
diameter is obtained. 

In the above-mentioned general formula (IV), X is preferably 
F and CF 3 in terms of stability and weather resistance of the 
compound, d is preferably an integer of 1-5 in terms of surface 
activity of the reactive emulsifier, Y is preferably COOM and 
SO3M in terms of stability of the compound, and M is preferably H 
and NH 4 in terms of water resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (IV), for example, 

CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 -COOH, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 -COONH 4 , 
CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 H, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S03NH 4 or 
these ammonium salts, etc., are mentioned, however 

CF 2 =CF-0-CF 2 CF(CF 3 ) -OCF 2 CF 2 -COOH and CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 H 
are preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (V), e is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably Na and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (V) , for example, 
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CF 3 CF 3 CF 3 

CH 2 = CFCF 2 OCFCOONa > CH 2 = CFCF 2 OCFCF 2 OCFCOONa % 

CF 3 CF 3 
! I I 

CH 2 = CFCF 2 0-4 CFCF 2 O ^ CFCOONa „ 

CF 3 CF 3 CF 3 

CH 2 = CFCF 2 OCFCOONH 4 . CH 2 - CFCF 2 OCFCF 2 OCFCOONH 4 s 

CF 3 CF 3 
I I 
CH 2 = CFCF 2 0-f CFCF 2 O ^- CFCOONH 4 



are mentioned, however CH 2 =CFCF 2 OCF (CF 3 ) COONH 4 and 
CH 2 =CFCF 2 OCF(CF3)CF20CF(CF3)COONH« are preferable since an aqueous 
dispersion of the VdF copolymer with a small particle diameter is 
obtained. 

In the above-mentioned general formula (VI), f is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (VI), for example, 
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C F, CF, 
I I 
CF 2 =CFCF 2 - 0-CF-CF 2 - 0-CFCOOH, 

CF, C F~ 

I I 
CF 2 =CFCF 2 - 0-CF-CF 2 - 0-CFCOONH 4 

CF, CF, 
CF 2 = CFCF 2 - 0-CF-CF 2 - 0-CFSO 3 H N 

C F a CF, 
CF 2 =CFCF 2 - 0-CF-CF 2 -0-CFS0 3 NH 4 



are mentioned, however 



CF 3 CF 3 



CF 2 =CFCF 2 -0-CF-CF 2 -O-CFCO0H, 

CF 3 CP, 
CF 2 =CFCF 2 - 0-CF-CF 2 - 0-CFCOONH 4 

CF 3 CF 3 
CF,= CFCF,-0-CF-CF ? -0-CFS0 3 NH 4 



is preferable since an aqueous dispersion of the VdF 

group copolymer with a small particle diameter is obtained. 

In the present invention, the above-mentioned VdF copolymer 
may also be a copolymer containing another fluorinated monomer in 



t • 

19 



addition, to the above-mentioned VdF monomer and the above- 
mentioned reactive emulsifier. As said other fluorinated monomer, 
for example, tetraf luoroethylene (TEE), trif luoroethylene (TrFE) , 
chlorotrifluoroethylene (CTFE) , hexaf luoropropylene (HFP) , vinyl 
fluoride (VF), etc., are mentioned; however, TFE, HFP, and CTFE 
are preferable in terms of copolymerization reactivity of the VdF 
monomer . 

As combinations for VdF, said other fluorinated monomer, and 
said reactive emulsifier in the above-mentioned VdF copolymer, 
for example, a combination of any of VdF/ TFE, VdF/TFE/HFP, 
VdF/TFE/CTFE, VdF/TFE/TrFE, VdF/ CTFE, VdF/HFP, VdF/VFE/HFP/CTFE , 
etc., and any of CF 2 =CFCF 2 COONH 4 , 

CH 2 =CFCF 2 OCF (CFs) CF 2 OCF (CF 3 ) COONHo CH 2 =CFCF 2 OCF (CF 3 ) COONH 4 , etc . , 
is mentioned; however, a combination of VdF/TFE/CTFE and 
CH 2 =CFCF 2 OCF(CF 3 )CF 2 OCF(CF 3 )COONH4 is preferable in terms of film 
hardness in case it is used in coating. 

The copolymerization ratio of the above-mentioned VdF and 
the above-mentioned other fluorinated monomer in the above- 
mentioned VdF copolymer is 60/40-95/5 wt%, preferably 
70/30-95/5 wt%. If said VdF is less than 60 wt%, the 
compatibility with the acrylic polymer, which is a characteristic 
of the VdF polymer, tends to be lowered, and if it is more than 
95 wt%, since the solubility of the seed particle into an acrylic 
ester and/or methacrylic acid ester is poor, the seed particle is 
not rapidly swollen to the monomer during seed polymerization. A 
cast film from the obtained emulsion has a poor transparency, and 
in preparing a film from the paint, gloss typically cannot be 
obtained. 



The. above-mentioned reactive emulsif ier may be included at 
0.001-0.1 mol% in relation to the combination of the above- 
mentioned monomer. 

The average particle diameter of the above-mentioned VdF 
copolymer is 200 nm or less, preferably 10-200 nm, and more 
preferably 50-150 nm. If the above-mentioned average particle 
diameter is less than 10 nm, the shape of the VdF copolymer is 
difficult to form, and the film formability tends to decrease. If 
the diameter is more than 200 nm, the storage stability, 
mechanical stability, and chemical stability of the aqueous 
dispers.ion of the VdF copolymer tend to decrease. 

The solid fraction concentration of the aqueous dispersion 
of the above-mentioned VdF copolymer is 30-60% (wt%, hereinafter, 
similarly applied) , preferably 35-55%, and more preferably 
35-50%. If the above-mentioned concentration is less than 30%, 
viscosity adjustment is difficult in forming a paint, and drying 
of the film tends to slow. If the concentration is more than 60%, 
the stability of the dispersion system tends to decrease. 

In the aqueous dispersion of the VdF copolymer in the 
present invention, well-known fluorinated surfactants may also be 
included. 

The above-mentioned well-known fluorinated surfactant is a 
mixture of one kind or two kinds or more of compounds, which 
include fluorine atoms in the structure and have surface 
activity. For example, the acid represented by X(CF 2 ) n COOH (X 
represents F or H, and n represents an integer of 6-20) and its 
alkali metal salt, ammonium salt, amine salt, or quaternary 
ammonium salt, the acid represented by Y (CH 2 CF 2 ) m COOH (Y 
represents F or C, and 1 and m represent an integer of 6-13) and 
its alkali metal salt, ammonium salt, amine salt, or quaternary 



ammonium salt, etc., are mentioned; however, the ammonium salt of 
perf luorooctanoic acid and the ammonium salt of perf luorononanoic 
acid are preferable in terms of weather resistance and water 
resistance . 

The amount of said fluorinated surfactant used is 1.0% or 
less, preferably 0.5% or less, and more preferably 0.2% or less 
in relation to water. If the amount of said fluorinated 
surfactant used is more than 1.0%, when a film is formed from the 
aqueous dispersion, said fluorinated surfactant is precipitated 
in the film or the water absorption rate is increased, so that 
the surfactant tends to whiten, which is not preferable. 

In the aqueous dispersion of the VdF copolymer in the 
present invention, a hydrophilic organic solvent can also be 
added . 

The aqueous dispersion of the VdF copolymer of the present 
invention can form an aqueous paint by mixing with various kinds 
of additives. As the above-mentioned additives, for example, 
additives which are generally used in an aqueous paint, such as 
pigments, viscosity enhancers, dispersants, foaming agents, 
antifreezes, and film formation aids are mixed, so that a paint 
for building facades and civil structures can be formed. 

Also, the present invention is a manufacturing method for 
obtaining the aqueous dispersion of the VdF copolymer through the 
emulsion polymerization of the VdF monomer and the reactive 
emulsif ier . 

The above-mentioned reactive emulsifier is a fluorinated 
compound having a polymerizable double bond and a hydrophilic 
group in the molecule and is a compound represented by at least 
one kind selected from the above-mentioned group comprised of 
general formula (I) : 
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, . CF 2 =CF- (-CF 2 -) a -Y (I) 

(where a represents an integer of 1-10, Y represents SO3M or 
COOM (M represents H, NH 4 , or an alkali metal)), general formula 

(ID : 

CF 2 =CF-(-CF 2 CFX-) b -Y (II) 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (III): 

CF 2 =CF-0- (-CFX-)c-Y (III) 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (IV): 

CF 2 =CF-0- (-CF 2 CFXO-) d -CF 2 CF 2 -Y (IV) 
(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (V): 

CF 2 =CFCF 2 -0- (-CF (CF 3 ) CF 2 0-) e "CF (CF 3 ) -Y (V) 
(where e represents an integer of 1-10, Y represents SOM or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 =CFCF 2 -0- (-CF(CF 3 ) CF 2 0-) f -CF(CF 3 ) -Y (VI) 
(where f represents an integer of 1-10, Y represents SOaM or 
COOM (M represents H, NH 4 , or an alkali metal).) 

In the above-mentioned general formula (I), a is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (I), for example, 



CF 2 =CF^CF 2 -COONH 4 , CF 2 =CF-CF 2 -COOH, CF 2 =CF-CF 2 CF 2 COOH, CF 2 =CF-CF 2 - 
COONa, CF2=CF-CF 2 -S0 3 NH4, CF 2 =CF-CF 2 -S0 3 H, CF 2 =CF-CF 2 CF 2 S0 3 H, CF 2 =CF- 
CF 2 CF 2 S0 3 Na / etc., are mentioned; however, CF 2 =CFCF 2 COONH 4 is 
preferable since an aqueous dispersion of the VdF copolymer with 
a high concentration and a small particle diameter is obtained. 

In the above-mentioned general formula (II), X is preferably 
CF 3 in terms of stability of the compound, b is preferably an 
integer of 1-3 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM and SOaM in terms of stability 
of the compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (II), for example, 

CF- CF 3 

CF 2 - CFCFgCF-COOH N CF 2 = CFCF 2 CF-SO3 H % 
CF 3 CF 3 

CF 2 =CF (CF 2 CF) 2 COONH 4 \ CF 2 = CFCF 2 CFS0 3 NH 4 „ 

CF- CF 3 
I 3 I 
CF 2 - CFCF 2 CF-COONa v CF 2 - CFCF 2 CF-SO3 Na „ 

CFo 

I 3 

CF 2 = CF (CF 2 CF) 2 COOH 



are mentioned; however, 
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CFg 

CF 2 - CF (CF 2 CF) 2 COOjr 



is preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (III), X is 
preferably F and CF 3 in terms of stability and weather resistance 
of the compound, c is preferably an integer of 1-5 in terms of 
surface .activity of the reactive emulsifier, Y is preferably COOM 
and SO3M in terms of stability of the compound, and M is 
preferably H and NH 4 in terms of water resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (III), for example, 
CF2=CF-OCF 2 CF 2 CF 2 COOH / CF 2 =CF-OCF 2 CF 2 COONH4 , CF 2 =CF-OCF 2 COOH, etc., 
are mentioned; however, CF 2 =CF-OCF 2 CF 2 CF 2 COOH is preferable since 
an aqueous dispersion of the VdF copolymer with a small particle 
diameter is obtained. 

In the above-mentioned general formula (IV), X is preferably 
F and CF 3 in terms of stability and weather resistance of the 
compound, d is preferably an integer of 1-5 in terms of surface 
activity of the reactive emulsifier, Y is preferably COOM and 
SO3M in terms of stability of the compound, and M is preferably H 
and NH< in terms of water resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (IV) , for example, 

CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 -COOH, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 -COONH 4 , 
CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 H, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 NH 4 or 
these ammonium salts, etc., are mentioned; however, 
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CF 2 =CF-OrCF 2 CF(CF 3 ) -OCF2CF2-COOH and CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 H 
are preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (V) , e is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably Na and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (V) , for example, 

CF 3 CF 3 CF 3 

CH 2 =CFCF 2 OCFCOONa . CH 2 = CFCF 2 OCFCF 2 OCFCOONa , 

CF 3 CF3 
CH 2 = CFCF 2 0-f CFCF 2 0 3r CFCOONa „ 



CF 3 CF 3 CF 3 

CH 2 = CFCF 2 OCFCOONH 4 > CH 2 = CFCF 2 OCFCF 2 OCFCOONH 4 x 

CF 3 CF 3 

CH 2 - CFCF 2 0-4 CFCF 2 0 CFCOONH 4 



are mentioned; however, CH 2 =CFCF 2 OCF (CF 3 ) COONH4 and 
CH 2 =CFCF 2 OCF(CF 3 )CF 2 OCF(CF 3 )COONH 4 are preferable since an aqueous 
dispersion of the VdF copolymer with a small particle diameter is 
obtained. 

In the above-mentioned general formula (VI), f is preferably 
an integer of 1-5 in terms of surface activity of the reactive 



emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (VI), for example, 

CF 3 CF, 
CF 2 =CFCF 2 - 0-CF-CF 2 - 0-CFCOOH> 

CF 3 CF 3 
CF 2 -=CFCF 2 -0-CF-CF 2 -0-CFCOONH 4 „ 

CF 3 CF 3 
CF,= CFCF 2 -0-CF-CF 2 -0-CFS0 3 H, 

CF 3 CF 3 
C F 2 =-CF CF 2 -0-CF-CF 2 -0-CFS 0 3 . RH^T 



are mentioned; however, 



CF, CF, 
i | 3 1 

CF 2 =CFCF 2 - 0-CF-CF 2 -0-CFCOOH N 

CF, CF, 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFCOONH 4 „ 

CF 3 C F 3 

I I 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFS0 3 NH 4 / 



is preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

When the above-mentioned VdF copolymer and the above- 
mentioned reactive emulsifier go through emulsion-polymerized, 
other fluorinated monomers can also be used in addition to VdF. 
For example, tetraf luoroethylene (TFE), trif luoroethylene (TrFE) , 
chlorotrifluoroethylene (CTFE) , hexaf luoropropylene (HFP) , vinyl 
fluoride (VF) , etc., are mentioned; however, TFE, HFP, and CTFE 
are preferable in terms of ' copolymerization reactivity of the VdF 
monomer . 

In. the above-mentioned emulsion polymerization, well-known 
fluorinated surfactants may also be included. 

The above-mentioned well-known fluorinated surfactant is a 
mixture of one kind or two kinds or more of compounds which 
include fluorine atoms in the structure and have surface 
activity. For example, the acid represented by X(CF 2 ) n COOH (X 
represents F or H, and n represents an integer of 6-20) and its 
alkali metal salt, ammonium salt, amine salt, or quaternary 
ammonium salt, the acid represented by Y(CH 2 CF 2 ) m COOH (Y 
represents F or C, and 1 and m represent an integer of 6-13) and 
its alkali metal salt, ammonium salt, amine salt, or quaternary 
ammonium salt, etc., are mentioned; however, the ammonium salt of 
perfluorooctanoic acid and the ammonium salt of perf luorononanoic 
acid are preferable in terms of weather resistance and water 
resistance . 

The amount of said fluorinated surfactant used is 1.0% or 
less, preferably 0.5% or less, and more preferably 0.2% or less 
in relation to water. If the amount of said fluorinated 
surfactant used is more than 1.0%, when a film is formed from the 
aqueous dispersion, said fluorinated surfactant is precipitated 
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in the, film or the water absorption rate is increased, so that 
the surfactant tends to whiten, which is not preferable. 

In manufacturing the aqueous dispersion of the above- 
mentioned VdF copolymer, water is charged as a polymerization 
solvent into a reactor, and the above-mentioned 
reactive emulsifier is charged at 0.00001-10%, preferably 
0.0001-1.0%, and more preferably 0.001-0.5% in relation to said 
polymerization solvent. Then, the dissolved air is removed by 
repeating nitrogen pressurization and degassing. 

Here, if the amount of said reactive emulsifier charged is 
less than 0.00001%, large particles with insufficient 
sedimentation stability tend to form. If the amount is more than 
10%, the shape of the particles is not spherical, and the film 
formability tends to decrease when drying the aqueous dispersion. 

Next, the above-mentioned VdF monomer or a mixed monomer 
with another fluorinated monomer is supplied while pressurizing 
up to a pressure of 1.0-50 kgf/cm 2 . 

At that time, the mixture ratio of the above-mentioned other 
fluorinated monomer may be 0-30 wt% . 

Next, as a polymerization initiator, for example, a 
persulfate such as ammonium persulfate, hydrogen peroxide, 
diisopropyl peroxydicarbonate, azobisisobutylonitrile, etc., is 
charged at 0.005-1.0%, preferably 0.01-0.5% in relation to water. 
If the amount of said polymerization initiator charged is less 
than 0.005%, the polymerization rate tends to decrease extremely. 
If the amount is more than 1.0%, the electrolyte concentration 
increases, and the particle diameter tends to increase. 

Furthermore, the above-mentioned VdF monomer or the above- 
mentioned mixed monomer is continuously supplied so that the 
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pressure- in the reactor can be constant in a range of 
1.0-50 kgf/cm 2 . 

In the above-mentioned state, polymerization is carried out 
for 5-100 h. 

Then, the interior of the above-mentioned reactor returns to 
normal temperature and normal pressure, and polymerization is 
completed, so that the aqueous dispersion of the VdF copolymer is 
obtained. 

The average particle diameter of the VdF copolymer of the 
aqueous dispersion of the VdF copolymer obtained by the above- 
mentioned manufacturing method can be controlled to 200 nm or 
less, and said average particle diameter can be controlled by the 
amount of said reactive emulsifier charged. 

Also, the solid fraction concentration of the aqueous 
dispersion of the VdF copolymer obtained by the above-mentioned 
manufacturing method can be controlled to 30-60%, and said 
concentration can be controlled by blowing the VdF monomer or 
mixed monomer when a prescribed amount of said VdF monomer or 
said mixed monomer is supplied continuously to the reactor, 
stirring is stopped, and the reaction is completed. 

Furthermore, the aqueous dispersion of the VdF seed polymer 
in the present invention is an aqueous dispersion of a VdF seed 
polymer obtained by the emulsion polymerization of an 
ethylenically unsaturated monomer in the presence of VdF 
copolymer particles, and said VdF copolymer is a copolymer of a 
VdF monomer and a reactive emulsifier. 

The above-mentioned reactive emulsifier is a fluorinated 
compound having a polymerizable double bond and a hydrophilic 
group in the molecule and is a compound represented by at least 



one kind selected from the above-mentioned group comprised of 
general formula (I) : 

CF 2 =CF-(-CF 2 -)a-Y (I) 
(where a represents an integer of 1-10, Y represents SO3M or 
COOM (M represents H, NH 4 , or an alkali metal)), general formula 
(II): 

CF 2 =CF- ( -CF 2 CFX- ) b -Y (II) 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (III): 

CF 2 =CF-0-(-CFX-) c -Y (III) 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (IV): 

CF 2 =CF-0- ( -CF2CFXO- ) d -CF 2 CF 2 - Y ( IV) 

(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal) ) , general formula (V) : . 

CH 2 =CFCF 2 -0- (-CF(CF 3 )CF 2 0-) e -CF(CF 3 )-Y (V) 
(where e represents an integer of 1-10, Y represents SOsM or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 =CFCF 2 -0- (-CF(CF 3 )CF 2 0-) f -CF(CF 3 )-Y (VI) 
(where f represents an integer of 1-10, Y represents SOsM or 
COOM (M represents H, NH 4 , or an alkali metal)). 

In the above-mentioned general formula (I), a is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 
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As detailed examples of the compound represented by the 
above-mentioned general formula (I), for example, 
CF 2 =CF-CF 2 -COONH4, CF 2 =CF-CF 2 -COOH, CF 2 =CF-CF 2 CF 2 COOH, 
CF 2 =CF-CF 2 -COONa, CF 2 =CF-CF 2 -S0 3 NH 4 , CF 2 =CF-CF 2 -S0 3 H, 
CF 2 =CF-CF 2 CF 2 S0 3 H, CF 2 =CF-CF 2 CF 2 S0 3 Na, etc., are mentioned; 
however, CF 2 =CFCF 2 COONH 4 is preferable since an aqueous dispersion 
of the VdF copolymer with a high concentration and a small 
particle diameter is obtained. 

In the above-mentioned general formula (II), X is preferably 
CF 3 in terms of stability of the compound, b is preferably an 
integer of 1-3 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM and SOsM in terms of stability 
of the compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (II), for example, 

CF, CF„ 
I I 3 

CF 2 = CFCF 2 CF-COOH % CF 2 = CFCF 2 CF-S0 3 H \ 

CF 3 CF 3 

CF 2 =CF (CF 2 CF) 2 COONH 4 \ CF 2 = CFCF 2 CFSO3 NH 4 ^ 

CF 3 CF- 
I I 3 

CF 2 = CFCF 2 CF-COONa s CF 2 = CFCF 2 CF-SO3 Na „ 

CF 3 

CF 2 -CF (CF 2 CF) 2 COOH 



are mentioned; however, 
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CF, 



CF 2 = CF (CF 2 CF) 2 COOH 



is preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (III), X is 
preferably F and CF 3 in terms of stability and weather resistance 
of the -compound, c is preferably an integer of 1-5 in terms of 
surface activity of the reactive emulsifier, Y is preferably COOM 
and SO3M in terms of stability of the compound, and M is 
preferably H and NH 4 in terms of water resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (III), for example, 
CF 2 =CF-OCF 2 CF 2 CF 2 COOH, CF 2 =CF-OCF 2 CF 2 COONH4, CF 2 =CF-OCF 2 CO0H, etc., 
are mentioned; however, CF 2 =CF-OCF 2 CF 2 CF 2 COOH is preferable since 
an aqueous dispersion of the VdF copolymer with a small particle 
diameter is obtained. 

In the above-mentioned general formula (IV), X is preferably 
F and CF 3 in terms of stability and weather resistance of the 
compound, d is preferably an integer of 1-5 in terms of surface 
activity of the reactive emulsifier, Y is preferably COOM and 
SO3M in terms of stability of the compound, and M is preferably H 
and NH4 in terms of water resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (IV), for example, 
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CF 2 =CF-0-CF 2 CF(CF 3 ) -OCF 2 CF 2 -COOH, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 -COONH< , 
CF 2 =CF-0-CF 2 CF(CF 3 ) -OCF 2 CF 2 S0 3 H, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 NH 4 or 
these ammonium salts, etc., are mentioned; however, 
CF 2 =CF-0-CF 2 CF(CF 3 )-OCF 2 CF 2 -COOH and CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 H 
are preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (V) , e is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably Na and NH< in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (V), for example, 

CF 3 CF 3 CF 3 

CH 2 =CFCF 2 OCFCOONa „ CH 2 = CFCF 2 OCFCF 2 OCFCOONa x 

CF 3 CF 3 
CH 2 =CFCF 2 0-f CFCF 2 0^- CFCOONa „ 

CF 3 CF 3 CF 3 . 

CH 2 = CFCF 2 OCFCOONH 4 N CH 2 - CFCF 2 OCFCF 2 OCFCOONH4 x 

CF 3 CF 3 
CH 2 = CFCF 2 O-t CFCF 2 O ^- CFCOONH 4 



are mentioned; however, CH 2 =CFCF 2 OCF (CF 3 ) COONH4 and 
CH 2 =CFCF 2 OCF(CF 3 )CF 2 OCF(CF 3 )COONH< are preferable since an aqueous 
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dispersion of the VdF copolymer with a small particle diameter is 
obtained. 

In the above-mentioned general formula (VI), f is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH< in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (VI), for example, 

CF 3 CF 3 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFCOOH N 

CF 3 GF 3 

I I 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFCOONH 4 , 

CF 3 CF 3 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFS0 3 H. 

CF 3 CF 3 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFS0 3 NH 4 



are mentioned; however, 



CF 3 CF 3 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFCOOH > 

CF 3 CF 3 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFCOONH 4 

CF 3 CF 3 
^CF,= CFCF,-0-CF-CF 2 -0-CFS0 3 N H 4 



is preferable since an aqueous dispersion of the VdF 

group copolymer with a small particle diameter is obtained. 

In the present invention, the above-mentioned VdF seed 
polymer is a seed polymer of an ethylenically unsaturated monomer 
in which the particle of the above-mentioned VdF copolymer is a 
seed, and as said ethylenically unsaturated monomer, for example, 
a monomer having a functional group and a vinyl compound are 
mentioned. As the above-mentioned monomer having a functional 
group, for example, unsaturated carboxylic acid such as acrylic 
acid, methacrylic acid, maleic acid, and crotonic acid, an 
acrylic ester such as methyl acrylate, a methacrylic acid ester 
such as methyl methacrylate (MMA) , an amide compound such as 
acrylamide, methacrylamide, N-methylacrylamide, 
N-methylolacrylamide, N-butoxymethyl acrylamide, 
N-methylolmethacrylamide, N-methylmethacrylamide, and 
N-butoxymethylmethacrylamide, a monomer containing a hydroxyl 
group such as hydroxyethyl acrylate, hydroxyethyl methacrylate, 
hydroxypropyl acrylate, and hydroxypropyl methacrylate, a monomer 



containing an epoxy group such as glycidyl acrylate and glycidyl 
methacrylate, a monomer containing a silanol group such as 
y-trimethoxysilane methacrylate and y-triethoxysilane 
methacrylate, a monomer containing an aldehyde group- such as 
acrolein, etc., are mentioned. As the above-mentioned vinyl 
compound, for example, styrene (St), acrylonitrile, etc., are 
mentioned; however, an acrylic ester and/or methacrylic ester are 
preferable in terms of compatibility with the VdF copolymer. 

The VdF copolymer as part of the above-mentioned seed in the 
above-mentioned VdF seed polymer may also be a copolymer composed 
of said VdF, said reactive emulsifier, and another fluorinated 
monomer. As said other f luorinated monomer, for example, 
tetrafluoroethylene (TFE) , trif luoroethylene (TrFE) , 
chlorotrifluoroethylene (CTFE) , hexaf luoropropylene (HFP) , vinyl 
fluoride (VF) , etc., are mentioned; however, TFE, HFP, and CTFE 
are preferable in terms of copolymer! zat ion reactivity of the VdF 
monomer . 

As combinations of the VdF, said other fluorinated monomer, 
and said reactive emulsifier in the above-mentioned VdF 
copolymer, for example, a combination of any of VdF/TFE, 
VdF/TFE/HFP, VdF/TFE/CTFE, VdF/TFE/TrFE, VdF/CTFE, VdF/HFP, 
VdF/VFE /HFP/ CTFE, etc., and any of CF 2 =CFCF 2 COONH 4 , 
CH 2 =CFCF 2 OCF(CF 3 ) CF 2 OCF (CF 3 ) COONH 4 , CH 2 =CFCF 2 OCF (CF 3 ) COONH4, etc. , 
is mentioned; however, a combination of VdF/TFE/CTFE and - 
CH 2 =CFCF 2 OCF(CF 3 )CF 2 OCF(CF 3 )COONH4 is preferable in terms of 
compatibility with an acrylic resin. 

The copolymerization ratio of the above-mentioned VdF and 
the above-mentioned other fluorinated monomer in the above- 
mentioned VdF copolymer is 60/40-95/5 wt%, preferably 



37 



70/30-95/5 wt%. If said VdF is less than 60 wt%, the 
compatibility with the acrylic polymer, which is a characteristic 
of the VdF polymer, tends to decrease, and if it is more than 95 
wt%, since the solubility of the seed particle into an acrylic 
ester and/or methacrylic acid ester is poor, the seed particle is 
not rapidly swollen to the monomer during seed polymerization. A 
cast film from the obtained emulsion has a poor transparency, and 
in preparing a film from the paint, gloss typically cannot be 
obtained. 

The above-mentioned reactive emulsifier may be included at 
0.001-0.1 mol% in relation to the combination of the above- 
mentioned monomer. 

In the above-mentioned VdF seed polymer, the ethylenically 
unsaturated monomer is polymerized at 20-100 parts by weight in 
the presence of the VdF copolymer at 100 parts by weight as the 
above-mentioned seed part. 

The average particle diameter of the above-mentioned VdF 
seed polymer is 250 nm or less, preferably 50-250 nm, and more 
preferably 100-160 nm. If the above-mentioned average particle 
diameter is less than 50 nm, the viscosity of the aqueous 
dispersion increases, and there is a tendency that the aqueous 
dispersion with high concentration cannot be obtained. If the 
diameter is more than 250 nm, the particles sediment and solidify 
during the storage of the aqueous dispersion, and the gloss tends 
to disappear when the film is prepared. 

The concentration of the above-mentioned VdF seed polymer of 
the aqueous dispersion of the above-mentioned VdF seed polymer is 
30-60%, preferably 35-55%, and more preferably 35-50%. If the 
above-mentioned concentration is less than 30%, viscosity 
adjustment is difficult in forming a paint, and drying of the 
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film tends to slow. If the concentration is more than 60%, the 
stability of the dispersed body system tends to decrease. 

In the aqueous dispersion of the VdF seed polymer in the 
present invention, well-known fluorinated surfactants may also be 
included. 

The above-mentioned well-known fluorinated surfactant is a 
mixture of one kind or two kinds or more of compounds, which 
include fluorine atoms in the structure and have the surface 
activity. For example, the acid represented by X(CF 2 ) n COOH (X 
represents F or H, and n represents an integer of 6-20) and its 
alkali metal salt, ammonium salt, amine salt, or quaternary 
ammonium salt, the acid represented by Y (CH 2 CF 2 ) m COOH (Y 
represents F or C, and 1 and m represent an integer of 6-13) and 
its alkali metal salt, ammonium salt, amine salt, or quaternary 
ammonium salt, etc., are mentioned; however, the ammonium salt of 
perfluorooctanoic acid and the ammonium salt of perf luorononanoic 
acid are preferable in terms of weather resistance and water 
resistance. 

The amount of said fluorinated surfactant used is 1.0% or 
less, preferably 0.5% or less, and more preferably 0.2% or less 
in relation to water. If the amount of said fluorinated 
surfactant used is more than 1.0%, when a film is formed from the 
aqueous dispersion, said fluorinated surfactant is precipitated 
in the film or the water absorption rate increases, so -that the 
surfactant tends to whiten, which is not preferable. 

In the aqueous dispersion of the VdF seed polymer in the 
present invention, a hydrophilic organic solvent can also be 
added. 

The aqueous dispersion of the VdF seed polymer of the 
present invention can form an aqueous paint by mixing with 
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various kinds of additives. As the above-mentioned additives, for 
example, additives which are generally used in an aqueous paint, 
such as pigments, viscosity enhancers, dispersants, foaming 
agents, antifreezes, and film formation aids are mixed, so that a 
paint for building facades and a paint for civil structures can 
be formed. 

Furthermore, the present invention is a manufacturing method 
for obtaining the aqueous dispersion of the VdF seed polymer by 
the emulsion polymerization of the ethylenically unsaturated 
monomer in the presence of VdF copolymer particles. 

In obtaining the above-mentioned VdF copolymer, the VdF 
monomer and the reactive emulsifier may go through emulsion- 
polymerization, and the above-mentioned reactive emulsifier is a 
fluorinated compound having a polymerizable double bond and a 
hydrophilic group in the molecule and is a compound represented 
by at least one kind selected from the above-mentioned group 

comprised of the general formula (I) : 

CF 2 =CF-(-CF 2 -)a-Y (I) 

(where a represents an integer of 1-10, Y represents SO3M or 
COOM (M represents H, NH 4 , or an alkali metal)), general formula 

(ID : 

CF 2 =CF-(-CF 2 CFX-) b -Y (") 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH«, or an alkali 

metal)), general formula (III): 

CF 2 =CF-0- (-CFX-)c-Y t 111 ) 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (IV): 

CF 2 =CF-0- (-CF 2 CFXO-) d -CF 2 CF 2 -Y (IV) 
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(where X represents F or CF 3 , d represents an integer of 1-10, Y 

represents SO3M or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (V): 

CF 2 =CFCF2-0-(-CF(CF 3 )CF 2 0-) e -CF(CF 3 )-Y (V) 

(where e represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 =CFCF 2 -0- (-CF(CF 3 ) CF 2 0-) £ -CF(CF 3 ) -Y (VI) 
(where f represents an integer of 1-10, Y represents SOaM or COOM 
(M represents H, NH 4 , or an alkali metal) ) . 

In the above-mentioned general formula (I), a is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (I), for example, 
CF 2 =CF-CF 2 -COONH 4 , CF 2 =CF-CF 2 -COOH, CF 2 =CF-CF 2 CF 2 COOH, 
CF 2 =CF-CF 2 -COONa, CF 2 =CF-CF 2 -S0 3 NH 4 , CF 2 =CF-CF 2 -S0 3 H, 
CF 2 =CF-CF 2 CF 2 S0 3 H, CF 2 =CF-CF 2 CF 2 S0 3 Na, etc., are mentioned; 
however, CF 2 =CFCF 2 COONH 4 is preferable since an aqueous dispersion 
of the VdF copolymer with a high concentration and a small 
particle diameter is obtained. 

In the above-mentioned general formula (II), X is -preferably 
CF 3 in terms of stability of the compound, b is preferably an 
integer of 1-3 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM and SOaM in terms of stability 
of the compound, and M is preferably H and NH 4 in terms of water 
resistance of the film. 



As detailed examples of the compound represented by the 
above-mentioned general formula (II) , for example, 



CF 



3 



CFg 



I I 

CF 2 = CFCF 2 CF-COOH % CF 2 = CFCF 2 CF-SO3 H > 

CF- CF~ 
I I 3 

CF 2 =CF (CF 2 CF) 2 COONH 4 , CF 2 = CFCF 2 CFSO3 N H< 



CF 3 CF 3 

CF 2 = CFCF 2 CF-COONa . CF 2 = CFCF 2 CF-Sg 
CF« 




CF 2 = CF (CF 2 CF) 2 COOH 



are mentioned; however, 

CFg 

CF 2 = CF (CF 2 CF) 2 COOH 



is preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (III), X is 
preferably F and CF 3 in terms of stability and weather resistance 
of the compound, c is preferably an integer of 1-5 in terms of 
surface activity of the reactive emulsifier, Y is preferably COOM 
and SO3M in terms of stability of the compound, and M is 
preferably H and NH 4 in terms of water resistance of the film. 



As detailed examples of the compound represented by the 
above-mentioned general formula (III), for example, 
CF 2 =CF-OCF 2 CF 2 CF 2 COOH, CF 2 =CF-OCF 2 CF 2 COONH 4 , CF 2 =CF-OCF 2 COOH, etc., 
are mentioned; however, CF 2 =CF-OCF 2 CF 2 CF 2 COOH is preferable since 
an aqueous dispersion of the VdF copolymer with a small particle 

diameter is obtained. 

In the above-mentioned -general formula (IV), X is preferably 
F and CF 3 in terms of stability and weather resistance of the 
compound, d is preferably an integer of 1-5 in terms of surface 
activity of the reactive emulsifier, Y is preferably COOM and 
SO3M in terms of stability of the compound, and M is preferably H 
and NH< in terms of water resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (IV), for example, 

CF 2 =CF-0-CF 2 CF(CF 3 ) -OCF 2 CF 2 -COOH, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 -COONH 4 , 
CF 2 =CF-0-CF 2 CF(CF 3 )-OCF 2 CF 2 S0 3 H, CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 NH 4 or 
these ammonium salts, etc., are mentioned; however, 
CF 2 =CF-0-CF 2 CF(CF 3 ) -OCF 2 CF 2 -COOH and CF 2 =CF-0-CF 2 CF (CF 3 ) -OCF 2 CF 2 S0 3 H 
are preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 

In the above-mentioned general formula (V) , e is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably Na and NH 4 in terms of wafer 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (V) , for example, 
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CF, 



7» i - i - 

CH 2 ^CFCF 2 OCFCOONa „ CH 2 = CFCF 2 OCFCF 2 OCFCOONa 
CF 3 CF 3 



CH 2 « CFCF 2 0-4 CFCF 2 O }- CFCOONa , 



CF 3 

CH 2 = GFCF 2 OCFCOONH 4 



CF 3 



CF 3 



CH 2 =CFCF 2 OCFCF 2 OCFCOONHi , 



7 3 7 3 

CH 2 =^F6E^O-4 CFCF 2 Q^- CFCO ONH^ 



are mentioned; however, CH 2 =CFCF 2 OCF (CF 3 ) COONH, and 
CH 2 =CFCF20CF(CF3)CF 2 OCF(CF3)COONH4 are preferable since an aqueous 
dispersion of the VdF copolymer with a small particle diameter is 
obtained. 

In the above-mentioned general formula (VI), f is preferably 
an integer of 1-5 in terms of surface activity of the reactive 
emulsifier, Y is preferably COOM in terms of stability of the 
compound, and M is preferably H and NH 4 in terms of water- 
resistance of the film. 

As detailed examples of the compound represented by the 
above-mentioned general formula (VI), for example, 



CF 3 CF 3 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFCOOH. 

CF 3 CF 3 
CF 2 =CFCF 2 - 0-CF-CF 2 -0-CFCOONH 4 ; 

CF 3 CF 3 
CF 2 =CFCF 2 -0-CF-CF 2 -0-CFS0 3 H, 

CF 2 =CFCF 2 -0-CF-CF 2 -0-CFS0 3 NH 4 



are mentioned; however, 



C F- CF, 
I I 3 

CF 2 =CFCF 2 -0-CF-CF 2 -0-CFCOOH % 

CF, C F 3 

I I 
CF 2 = CFCF 2 -O-CF-CF 2 -0-CFCOONH 4 x 

CF 3 CF 3 
CF 2 «=CFCF 2 -0-CF-CF 2 -0-CFS0 3 NH 4 



is preferable since an aqueous dispersion of the VdF copolymer 
with a small particle diameter is obtained. 



When the above-mentioned VdF polymer and the above-mentioned 
reactive emulsifier go through emulsion-polymerized, other 
fluorinated monomers can also be used in addition to VdF. For 
example, tetraf luoroethylene (TFE) , trif luoroethylene (TrFE) , 
chlorotrifluoroethylene (CTFE) , hexaf luoropropylene (HFP) , vinyl 
fluoride (VF) , etc., are mentioned; however, TFE, HFP, and CTFE 
are preferable in terms of copolymerization reactivity of the VdF 
monomer . 

In the above-mentioned emulsion polymerization, well-known 
fluorinated surfactants can be used. 

The above-mentioned well-known fluorinated surfactant is a 
mixture of one kind or two kinds or more of compounds which 
include fluorine atoms in the structure and have surface 
activity. For example, the acid represented by X(CF 2 ) n COOH (X 
represents F or H, and n represents an integer of 6-20) and its 
alkali metal salt, ammonium salt, amine salt, or quaternary 
ammonium salt, the acid represented by Y (CH 2 CF 2 ) m COOH (Y 
represents F or C, and 1 and m represent an integer of 6-13) and 
its alkali metal salt, ammonium salt, amine salt, or quaternary 
ammonium salt, etc., are mentioned; however the ammonium salt of 
perfluorooctanoic acid and the ammonium salt of perf luorononanoic 
acid are preferable in terms of weather resistance and water 
resistance. 

The amount of said fluorinated surfactant used is T/0% or 
less, preferably 0.5% or less, and more preferably 0.2% or less 
in relation to water. If the amount of said fluorinated 
surfactant used is more than 1.0%, when a film is formed from the 
aqueous dispersion, said fluorinated surfactant is precipitated 
in the film or the water absorption rate increases, so that the 
surfactant tends to whiten, which is not preferable. 



In manufacturing the aqueous dispersion of the above- 
mentioned VdF seed polymer, water is charged as a polymerization 
solvent into a reactor, and the above-mentioned reactive 
emulsifier is charged at 0.00001-10%, preferably 0.0001-1.0%, and 
more preferably 0.001-0.5% in relation to said polymerization 
solvent. Then, the dissolved air is removed by repeating nitrogen 
pressurization and degassing. 

Here, if the amount of said reactive emulsifier charged is 
less than 0.00001%, large particles with insufficient 
sedimentation stability tend to form. If the amount is more than 
10%, the shape of the particles is not spherical, and when the 
film formability tends to decrease when drying the aqueous 
dispersion. 

Next, the above-mentioned VdF monomer or a mixed monomer 
With another fluorinated monomer is supplied while pressurizing 
up to a pressure of 1.0-50 kgf/cm 2 . 

At that time, the mixture ratio of the above-mentioned other 
fluorinated monomer may be 0-30 wt%. 

Next, as a polymerization initiator, for example, a 
persulfate such as ammonium per sulfate, hydrogen peroxide, 
diisopropyl peroxydicarbonate, azobisisobutylonitrile, etc., is 
charged at 0.0001-0.5%, preferably 0.001-0.1% in relation to 
water. If the amount of said polymerization initiator charged is 
less than 0.0001%, the polymerization rate which is of practical 
use, tends to decrease extremely. If the amount is more than 
0.5%, controlling the reaction heat tends to be difficult.. 

Furthermore, the above-mentioned VdF monomer or the above- 
mentioned mixed monomer is continuously supplied so that the 
pressure in the reactor can be constant in a range of 
1-50 kgf/cm 2 , preferably 5-40 kgf/cm 2 . If the above-mentioned 
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pressure is less than 1 kgf/cm 2 , the polymerization rate which is 
of practical use cannot be obtained, and if the pressure is more 
than 50 kgf/cm 2 , controlling the reaction heat tends to be 
difficult. 

In the above-mentioned state, polymerization is carried out 
for 5-100 h. 

Then, the interior of the above-mentioned reactor returns to 
normal temperature and normal pressure, and polymerization is 
completed, so that the aqueous dispersion of the VdF copolymer is 
obtained. 

Next, in the aqueous dispersion of the above-mentioned VdF 
copolymer, the above-mentioned ethylenically unsaturated monomer 
at 20-100 parts by weight, preferably 30-100 parts by weight, and 
more preferably 40-100 parts by weight is added to the VdF 
copolymer at 100 parts by weight. 

Here, if the amount of said ethylenically unsaturated 
monomer is less than 20 parts by weight, the transparency and 
gloss during film formation tend to decrease. 

Furthermore, right after this, a persulfate such as ammonium 
persulfate, etc., is added at 0.05-2.0 parts by weight as a 
polymerization initiator to the above-mentioned ethylenically 
unsaturated monomer at 100 parts by weight, and polymerization is 
started. After polymerization is carried out at a temperature of 
20-90°C for 0.5-6 h, the pH is adjusted, and the aqueous " 
dispersion of the VdF seed polymer is obtained by filtering with 
a wire net. 

The average particle diameter of the VdF seed polymer of the 
aqueous dispersion of the VdF seed polymer obtained by the above- 
mentioned manufacturing method can be controlled to 250 nm or 
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less, and said average particle diameter can be controlled by the 
amount of said reactive emulsifier charged. 

Also, the concentration of the VdF seed polymer of the 
aqueous dispersion of the VdF seed polymer obtained by the above- 
mentioned manufacturing method can be controlled to 30-60%, and 
said concentration can be controlled by blowing the VdF monomer 
or mixed monomer when a prescribed amount of said VdF monomer or 
said mixed monomer is continuously supplied to the reactor, 
stirring is stopped, and the reaction is completed. 

Next, the present invention is explained in further detail 
based on the application examples; however, the present invention 
is not limited to them. 

Also, the number and the structural formula of the reactive 
emulsifier used in the following application examples and 
comparative examples are shown in Table I. 

Table I 





R K? tt *L it M © m it 3$ 


1 


CF 2 =CFCF 2 -COOH 


2 


CF 2 =CF-0-CF 2 CF 2 CF 2 -COOH 


3 


CF 2 =CF-0-CF 2 CF (CF 3 ) - 0 C F 2 C F 2 ~ C 0 0 H 


4 


CF 2 =CF-0-CF 2 CF (CFj) -OCF 2 CF 2 -SOjH 


5 


CH 2 =CFCF 2 -0— CF (CF 3 ) CFjO— CF (C F3) -COOH 


! 6 


CH 2 =CFCF 2 -0-CF (CF 3 ) -COOH 


7 


CF 2 =C FC F 2 -0-CF (CFj) CF 2 -0-CF (CFj) -COOH 
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Key: 1 Reactive Emulsifier No. 

2 Structural formula of the reactive emulsifier 

Application Example 1 

500 mL deionized water and 5.0 g reactive emulsifier (No. 1) 
shown in Table I were charged into a pressure-resistant reactor 
with a stirrer having an interior capacity of 1 L, and the 
dissolved air was removed by repeating nitrogen pressurization 
and degassing. Then, a mixed monomer of VdF (80 mol%) and TFE 
(20 mol%) was pressurized until the interior pressure of said 
container was 10 kgf/cm 2 at 60 °C. Next, 0.2 g ammonium persulfate 
was charged, and the above-mentioned monomer was continuously 
supplied so that the interior pressure of the above-mentioned 
container was constant at 10 kgf/cm 2 . Polymerization was carried 
out for 20 h, and the interior of said container was returned to 
normal temperature and normal pressure. After polymerization was 
completed, an aqueous dispersion of a VdF copolymer of the 
present invention was obtained, and the following tests were 
carried out. 

The tests were carried out as follows. 

Solid fraction concentration: The above-mentioned aqueous 
dispersion was dried at 150 °C for 1 h in a vacuum dryer, and the 
weight after drying is indicated by percentage of the weight of 
the aqueous dispersion before drying. 

Average particle diameter: It was measured by a laser-beam 
scattering particle diameter measuring apparatus (made by Otsuka 
Denshi K.K., trade name: ELS-3000) . 

Particle size distribution: It was measured by the laser- 
beam scattering particle diameter measuring apparatus (made by 



50 

Otsuka Denshi K.K., trade name: ELS-3000) , and the ratio (dw/dn) 
of the weight-average particle diameter dw to the number-average 
particle diameter dn is designated as the particle size 
distribution. 

Sedimentation stability: The above-mentioned aqueous 
dispersion was held at 25°C for 60 days and evaluated as follows. 

When there was no change in the dispersed state by 
observation with the naked eye, it was designated o. Although the 
particles were sedimented and the phases were separated, when 
redispersion was enabled by vibrating, it was designated as A- 
Furthermore, when the particles were sedimented, the phases were 
separated, redispersion did not occur even by vibrating, it was 
designated as x. 

The results are shown in Table II . 

Application Examples 2-13 

According to a method similar to that of Application 
Example 1 except for adopting the polymerization conditions shown 
in Table II in Application Example 1, an aqueous dispersion of a 
VdF copolymer of the present invention was obtained, and tests 
similar to those of Application Example 1 were carried out. The 
results are shown in Table II. 

Comparative Examples 1-6 

According to a method similar to that of Application 
Example 1 except for adopting the polymerization conditions shown 
in Table II in Application Example 1, an aqueous dispersion of a 
VdF copolymer or an aqueous dispersion of a tetraf luoroethylene- 
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propylene copolymer was obtained, and tests similar to those of 
Application Example 1 were carried out. The results are shown in 
Table II. 

Table II 
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1) VdF: Vinylidene fluoride, TFE: Tetraf luoroethylene, CTFE: 
Chlorofluoroethylene, HFP: Hexaf luoropropylene, P: 
Propylene 



Key: 1 Application Example 

2 Comparative Example 

3 Polymerization conditions 

4 Test 

5 Supplied monomer (mol%) 

6 Reactive emulsifier No. 
Amount added to water (wt%) 
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7 
8 
9 

10 
11 
12 
13 



Amount of ammonium perf luorooctanoate to water (wt%) 

Polymerization pressure (kgf/cm 2 ) 

Polymerization time (h) 

Solid fraction concentration (wt%) 

Average particle diameter (nm) 

Particle size distribution (dw/dn) 

Sedimentation stability 



Application Example 14 



70 g of an aqueous dispersion of the VdF copolymer obtained 
in Application Example 7 was charged into a four-necked flask 
with an interior capacity of 200 mL and equipped with a stirring 
blade, cooling tube, and thermometer, and 0.5% alkali salt of an 
alkylallyl sulfosuccinate (made by Sanyo Chemical Industries, 
Ltd., trade name: Ereminol [transliteration] JS2) as a 
polymerizable emulsifier to a resin solid fraction was added to 
it to secure the stability of the seed particles during seed 
polymerization. It was heated in a water bath while stirring, and 
when the temperature of the interior of said flask reached 80°C, 
an emulsion in which 11.2 g methyl methacrylate (hereinafter, 
abbreviated to MMA) monomer and 1.5 g polyoxyethylene methacrylic 
acid ester (made by Nippon Oil and Fats Co., Ltd., trade name: 
PME400, added molar number of ethylene oxide of 9) were 
emulsified in a 0.5% aqueous solution of the alkali salt" "of said 
alkylallyl sulfosuccinate, was added dropwise for 1 h. Right 
after this, 1 mL of a 2% aqueous solution of ammonium persulfate 
was added, and polymerization was started. 3 h after the 
polymerization start, the temperature of the interior of the 
above-mentioned flask was raised to 85°C, held for 1 h, and 
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cooled, and the pH was adjusted to 7 with ammonia water. A blue- 
white aqueous dispersion of a VdF seed polymer of the present 
invention was obtained by filtering with a 300-mesh wire net, and 
the following tests were carried out. 

The tests were carried out as follows. 

(1) Test of the aqueous dispersion of the VdF seed polymer 

Solid fraction concentration and average particle diameter: 
They were carried out by the same methods as those of Application 
Example 1 . 

Viscosity: It was measured at 25°C with a B type viscometer. 

Minimum film formation temperature (MFT) : When a continuous 
film was formed, the minimum temperature was measured by a heat- 
gradient tester (made by Rikagaku Kogyo K.K.). 

(2) Test of the film obtained by forming from the aqueous 
dispersion of the above-mentioned VdF seed polymer 

Transparency: The aqueous dispersion was placed in a petri 
dish with a diameter of 10 cm so that the thickness of the dried 
film was 200 urn, and it was dried at 80°C for 24 h. The light 
transmittance of the film at a wavelength of 800 nm was measured 
and evaluated as follows . 

When the film was transparent (a transmittance of more than 
90%), it was designated as o, and when the film was 
semitransparent (a transmittance of 60-90%), it was designated as 
A. When the film was whitened (a transmittance of less than 
60%), it was designated as x. 

Water resistance: The above-mentioned film was cut at 
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2 cm x 4 cm, immersed for one week in 50°C warm water, and the 
increase ratio of the weight calculated from the following 
equation was designated as the water absorption rate. 

Water absorption rate (%) = ((weight after immersion - 
initial weight) / (initial weight)) x 100 

Also, after redrying, the reduction ratio of the weight 
calculated from the following equation was designated as the 
elution fraction. 

Elution fraction (%) = ((initial weight - weight after 
redrying) / (initial weight)) x 100 

(3) Test of the film obtained from the aqueous dispersion of the 
above-mentioned VdF seed polymer 

Titanium oxide (made by Ishihara Sangyo Kaisha, Ltd., trade 
name: CR90) as a filler at 50 parts by weight, 

Discoat [transliteration] H-14 (made by Nippon Emulsifier K.K.) as 
a dispersant at 2 parts by weight, ethylene glycol as an 
antifreeze at 1 part by weight, FS Antifoam 013B (made by Nippon 
Emulsifier K.K.) as an antifoaming agent at 0.5 part by weight, 
SN thickener A-818 (made by Sannopuko K.K.) as a viscosity 
enhancer at 0.5 part by weight, and Texanol [transliteration] CS12 
(made by Chisso Corporation) as a film formation aid at 10 parts 
by weight were added to the resin solid fraction at 100 parts by 
weight of the aqueous dispersion obtained in Application Example 
14 and sufficiently mixed by a dispersing stirrer, so that a 
paint was manufactured. Then, the following tests were carried 
out. 

Gloss: The obtained paint was extended at a film thickness 
of 20 um on a glass plate by an applicator and dried at room 
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temperature for one week, and the gloss with a reflection angle 
of 60° was measured by a glossimeter. 

Weather resistance: The obtained paint was spread on a spray 
plate, which was sealed with an aqueous epoxy resin sealer 
EM-0150 (made by Sanyo Chemical Industries, Ltd.)/ with an air 
spray gun so that the thickness of the film after drying was 100 
urn. The spray plate was dried at room temperature for '24 h and 
dried at 80°C for 2 h. After the spray plate was passed for 1000 
h through a stimulative weather- resistant tester (SUV), the gloss 
retention rate was measured and evaluated as follows. 

When the gloss retention rate was more than 80%, it was 
designated as o, and when the gloss retention rate was 60-80%, it 
was designated as A- When the gloss retention rate was less than 
60%, it was designated as x. 

Alkali resistance: The spray plate obtained by a method 
similar to that of the weather resistance test was immersed at 
50 °C for one week into 3% aqueous NaOH solution, and coloring and 
swelling of the film were judged with the naked eye. 

Acid resistance: The spray plate obtained by a method 
similar to that of the weather resistance test was immersed at 
50°C for one week in a 1% acidic solution, and coloring and 
swelling of the film were judged with the naked eye. 

The results are shown in Table III. 

Application Examples 15-17 

According to a method similar to that of Application Example 
14 except for adopting the seed polymerization conditions shown 
in Table III in Application Example 14, an aqueous dispersion of 
a VdF seed polymer of the present invention was obtained, and 
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tests similar to those of Application Example 14 were carried 
out. The results are shown in Table III. 

Comparative Examples 7-8 

According to a method similar to that of Application Example 
14 except for adopting the seed polymerization conditions shown 
in Table III in Application Example 14, an aqueous dispersion of 
a VdF seed polymer was obtained, and tests similar to those of 
Application Example 14 were carried out. The results are shown in 
Table III. 
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Table III 
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As seen from the results of Table III, in case only the 
ammonium perf luorooctanonate without reactivity is used as an 
emulsifier, the particle diameter is increased by the use of a 
small amount, and a high-gloss film cannot be obtained. In case 
large amount is used, the transparency of the formed film is 
lowered, and the gloss of the film is not exhibited. Also, the 
decrease of the water resistance and the weather resistance of 
the film is recognized. 

On the other hand, in the present invention, in case the 
reactive emulsifier is used, not only are all of the above- 
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mentioned properties met, but an aqueous dispersion film with a 
low MFT is obtained even in a resin with the same composition. 

Industrial application field 

In the aqueous dispersion of the VdF copolymer of the 
present invention, the average particle diameter of the VdF 
copolymer of said dispersion is as small as 200 nm or less, and 
the solid fraction concentration of said dispersion, is as high as 
30-60%. The sedimentation stability is also excellent. 

Also, the method for manufacturing the aqueous dispersion of 
the VdF copolymer of the present invention can provide a method 
for manufacturing said dispersion with an average particle 
diameter of the VdF copolymer as small as 200 nm or less and a 
solid fraction concentration of said dispersion as high as 30-60% 
by copolymerizing a reactive emulsifier and a VdF monomer. 

Furthermore, in the aqueous dispersion of the VdF seed 
polymer of the present invention, the average particle diameter 
of the VdF seed polymer of said dispersion is as small as 250 nm 
or less, and the solid fraction concentration of said dispersion 
is as high as 30-60%. The sedimentation stability is also 
excellent. The film obtained from said dispersion has excellent 
transparency and favorable water resistance, and the aqueous 
paint obtained from said dispersion has high gloss and excellent 
weather resistance, acid resistance, and alkali resistance. 

Furthermore, the method for manufacturing the aqueous 
dispersion of the VdF seed polymer of the present invention can 
provide a method for manufacturing the aqueous dispersion of the VdF 
seed polymer obtained by the seed polymerization an ethylenically 
unsaturated monomer in the presence of VdF copolymer particles 
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obtained by copolymerizing a VdF monomer and a reactive emulsifier 
and can provide a method for manufacturing said dispersion with an 
average particle diameter of the VdF seed polymer of said dispersion 
as small as 250 nm or less, a solid fraction concentration of said 
dispersion as high as 30-60%, and excellent sedimentation stability. 

Claims 

1. An aqueous dispersion' of a vinylidene fluoride copolymer 
characterized by the fact that in an aqueous dispersion of a 
vinylidene fluoride copolymer of a vinylidene fluoride monomer 
and at least one reactive emulsifier selected from a group 
comprised of general formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y (I) 
(where a represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF- ( -CF2CFX- ) b - Y (ID 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (III): 

CF 2 =CF-0- (-CFX-)c-Y (III) 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (IV): 

CF 2 =CF-0- ( -CF 2 CFXO- ) d -CF 2 CF 2 -Y ( IV) 

(where X represents F or CF 3 , b represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (V): 

CF 2 =CFCF 2 -0- (-CF (CF 3 ) CF 2 0-) e -CF (CF 3 ) -Y (V) 
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(where e represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 =CFCF 2 -0-(-CF(CF3)CF 2 0-)f-CF(CF3)-Y (VI) 
(where f represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), the solid fraction 
concentration is 30-60 wt% and that the average particle diameter 
of said copolymer is 200 nm or less. 

2. A method for manufacturing the aqueous dispersion of the 
vinylidene fluoride copolymer characterized by the fact that in 
manufacturing the aqueous dispersion of the vinylidene fluoride 
copolymer by emulsion polymerization a vinylidene fluoride 
monomer and a reactive emulsifier, as said reaction emulsifier, 
at least one kind selected from a group comprised of general 
formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y (D 
(where a represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF-(-CF 2 CFX-) b -Y (ID 
(where X represents F or CF 3/ b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (III): 

CF 2 =CF-0-(-CFX-) c -Y (HI) 
(where X represents F or CF 3 , c represents an integer of r -1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (IV): 

CF 2 =CF-0- ( -CF 2 CFXO- ) d -CF 2 CF 2 -Y ( IV) 

(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal) ) , general formula (V) : 
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CF 2 =CFCF 2 -0- (-CF(CF 3 )CF 2 0-)e-CF(CF 3 )-Y (V) 
(where e represents an integer of 1-10, Y represents SO3M or 
COOM (M represents H, NH 4 , or an alkali metal)), and general 
formula (VI) : 

CF 2 =CFCF 2 -0-(-CF(CF 3 )CF 2 0-) £ -CF(CF 3 )-Y (VI ) 

(where f represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)) is used at 0.00001-10 

wt%; that the solid fraction concentration is set to 30-60 wt%; 

that the average particle diameter of said copolymer is set to ■ - 

200 nm or less. 

3. An aqueous dispersion of a vinylidene fluoride seed 
polymer characterized by the fact that in an aqueous dispersion 
of a vinylidene fluoride seed polymer obtained by the emulsion 
polymerization of an ethylenically unsaturated monomer in the 
presence of vinylidene fluoride copolymer particles, said 
vinylidene fluoride copolymer is a copolymer of a vinylidene 
fluoride monomer and at least one reactive emulsifier selected 
from a group comprised of general formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y (I) 
(where a represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF-(-CF 2 CFX-) b -Y (ID 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal) ) , general formula (III) : 

C F 2 =CF-0- (-CFX-)c-Y (HI) 
(where X represents F or CF 3 , c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 
metal) ) , general formula (IV) : 

CF 2 =CF-0- ( -CF 2 CFXO- ) d -CF 2 CF 2 -Y ( IV) 
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(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 

metal) ) , general formula (V) : 

CF 2 =CFCF 2 -0-(-CF(CF 3 )CF 2 0-) e -CF(CF3)-Y (V) 

(where e represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI) : 

CF 2 =CFCF 2 -0- (-CF(CF 3 )CF 2 0-) f -CF(CF 3 ) -Y (VI) 
(where f represents an integer of 1-10, Y represents SOjM or COOM 
(M represents H, NH 4 , or an alkali metal)); that the solid 
fraction concentration of the aqueous dispersion of said seed 
polymer is 30-60 wt%; that the average particle diameter of 
said seed copolymer is 250 nm or less. 

4. A method for manufacturing the aqueous dispersion of the 
vinylidene fluoride seed polymer characterized by the fact that 
in manufacturing the aqueous dispersion of the vinylidene 
fluoride seed polymer by the emulsion polymerization of an 
ethylenically unsaturated monomer in the presence of vinylidene 
fluoride copolymer particles, said vinylidene fluoride copolymer 
is manufactured by the emulsion polymerization of vinylidene 
fluoride monomer and water and 0.00001-10 wt% of at least one 
reactive emulsifier selected from a group comprised of general 
formula (I) : 

CF 2 =CF-(-CF 2 -) a -Y - (I) 

(where a represents an integer of 1-10, Y represents SO^ or COOM 
(M represents H, NH 4 , or an alkali metal)), general formula (II): 

CF 2 =CF-(-CF 2 CFX-) b -Y dD 
(where X represents F or CF 3 , b represents an integer of 1-5, Y 
represents SOsM or COOM (M represents H, NH 4 , or an alkali 
metal)), general formula (III): 



64 



CF 2 =CF-0-(-CFX-) c -Y (HI) 
(where X represents F or CF 3/ c represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH 4 , or an alkali 

metal)), general formula (IV): 

CF 2 =CF-0- (-CF2CFXO-) d -CF 2 CF 2 -Y (IV) 
(where X represents F or CF 3 , d represents an integer of 1-10, Y 
represents SO3M or COOM (M represents H, NH«, or an alkali 
metal)), general formula (V): 

CH 2 =CFCF 2 -0- ( -CF ( CF 3 ) CF 2 0- ) e "CF ( CF 3 ) -Y ( V) 

(where e represents an integer of 1-10, Y represents SO3M or COOM 
(M represents H, NH 4 , or an alkali metal)), and general formula 
(VI): 

CF 2 =CFCF 2 -0- ( -CF ( CF 3 ) CF 2 0- ) f -CF ( CF 3 ) - Y ( VI ) 

(where f represents an integer of 1-10, Y represents SOaM or COOM 
(M represents H, NH 4 , or an alkali metal)); that the solid 
fraction concentration of the aqueous dispersion of said seed 
polymer is set to 30-60 wt%; that the average particle diameter 
of said seed copolymer is set to 250 nm or less. 
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